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Polallie Creek Debris Flow and Subsequent Dam-Break
Flood of 1980, East Fork Hood River Basin, Oregon

By Gary L. Gallino and Thomas C. Pierson

Abstract

At approximately 9 p.m. on December 25, 1980, an intense
rainstorm and the extremely wet antecedent conditions combined
to trigger a landslide of approximately 5,000 yd3 at the head of
Polallie Creek canyon on the northeast flank of Mount Hood,
Oregon. The landslide was transformed rapidly into a debris flow,
which surged down the channel at velocities of about 40-50 ft/s,
eroding and incorporating large volumes of channel fill and
uprooted vegetation. When itreached the debris fan at the conflu-
ence with the East Fork Hood River, the debris flow deposited
approximately 100,000 yd3 of saturated, poorly sorted debris to a
maximum thickness of 35 ft, forming a 750-ft-long temporary dam
across the channel. Within approximately 12 minutes, a lake of 85
acre-feet formed behind the blockage, breached the dam, and sent
a flood wave down the East Fork Hood River. The combined debris
flow and flood resulted in one fatality and over $13 million in
damage to a highway, bridges, parks, and a water-supply pipeline.

Application of simple momentum- and energy-balance equa-
tions and uniform flow equations resulted in debris-flow peak
discharges ranging from 50,000 to 300,000 ft3/s at different locations
in the Polallie Creek canyon. This wide range is attributed to tem-
porary damming at the boulder- and log-rich flow front in narrow,
curving reaches of the channel. When the volume of the solid
debris was subtracted out, assuming a minimum peak debris-flow
discharge of 100,000 ft3/s at the canyon mouth, a minimum peak-
water discharge of 40,000 ft3/s was obtained.

A computer dam-break model simulated peak flow for the
outbreak flood on the East Fork Hood River at about 16,000-30,000
ft3/s, using various breach shapes and durations of breach between
5and 15 minutes. A slope-conveyance computation 0.25 mi down-
stream from the dam gave a peak-water discharge (solids subtracted
out) for the debris-laden flood of 12,000-20,000ft3/s, depending on
the channel roughness coefficient selected.

INTRODUCTION

At approximately 9 p.m. on December 25,1980, a
disastrous debris flow burst out of Polallie Creek canyon,
Oregon, owing to sustained wet conditions followed by an
intense rainstorm. The flow killed the lone camper in
Polallie Creek campground, located at the confluence of
Polallie Creek and East Fork Hood River, and temporar-
ily dammed the East Fork Hood River (fig. 1). Deposition
of this debris mass set the stage for a dam-burst flood that
swept down the East Fork Hood River canyon minutes
later. Damaged or destroyed were approximately 5 mi of
Oregon State Highway 35 (Mount Hood Highway),
including three bridges, a water-distribution main line
serving the upper Hood River valley, a state park, and a
campground. The estimated $13 million in damage
caused by this flood prompted the Governor of Oregon to
declare parts of Hood River County as disaster areas.

A slope failure in the unconsolidated volcanic de-
posits at the oversteepened head of Polallie Creek canyon
started the chain of events. The landslide was rapidly
transformed into a debris flow which surged down the
canyon, tearing loose trees, boulders, and easily erodible
channel deposits, and incorporating it all into the flow.
The magnitude of this rapidly moving debris wave grew
steadily as it flowed down Polallie Creek canyon, until it
emptied into the East Fork Hood River and formed a
temporary dam.

The purpose of this study was to document the
Polallie Creek debris flow and subsequent flood, to des-
cribe the triggering mechanism and characteristics of the
debris flow, and to test and compare some of the analyti-
cal tools available to study these events.

Historically, many debris flows in mountain water-
sheds have been analyzed as water floods, even though the
major component of the fluids was solid (Costa and Jar-
rett, 1981). This fact can result in computed peak dis-
charges and storm runoff amounts that are inaccurate, as
this report will show. In this report, comparisons are
made between the unadjusted peak flows derived from
standard indirect measurement techniques with synthe-
sized peak-water discharges derived from (1) compari-
sons with ungaged adjacent basins and gaged streams
draining Mount Hood, (2) discharges computed from
hydraulic formulas, and (3) compositional data on the
debris-flow slurry.

GEOGRAPHIC AND HYDROLOGIC SETTING

Polallie Creek lies in a steep, rugged 4.4 mi2 basin
and flows into the East Fork Hood River (pl. 1). It heads
at the Cooper Spur summit at 8,514-ft elevation on the
east slope of Mount Hood. A deeply incised channel
starts abruptly at a headcut at the 6,400-ft level and runs
in an easterly course down the flanks of the mountain.
The headcut and channel walls (fig. 2) expose beds of
unconsolidated and easily erodible volcanic debris, depos-
ited during the Polallie eruptive period 12,000-15,000
years ago (Crandall, 1980). The exposures reveal a succes-
sion of unsorted bouldery pyroclastic-flow deposits inter-
bedded with mudflow and debris-flow deposits of gener-
ally similar appearance.

Vertical aerial photographs of Polallie Creek taken
in 1946, 1959, 1967, 1972, and 1979 show that between the
first and last set there appears to have been a 10-20-ft
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debris fan occurs at the mouth of Tilly Jane Creek, sug-
gesting a long history of debris flows in that channel or in
adjacent Ash Creek.

THE STORM

Meterological conditions prior to the December 25
flood (fig. 4) were reminiscent of those contributing to

other historic floods in the Cascade Range. Maximum
temperatures at the Government Camp weather station
(elevation 3,980 ft) ranged from 40 to 60 °F during the
period December 9-30, which is above normal for that
time of the year (U.S. National Oceanic and Atmospheric
Administration, 1980). Snowfall in early December was
fairly heavy, reaching a maximum of 42 in. on the ground
at Government Camp on December 6. The Red Hill
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Figure 4. Meteorologic and hydrologic data for December 1980, Government Camp, Oregon.
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guard station snow course, located at elevation 4,500 ft on
the northern slope of Mount Hood, reported water equi-
valent of the snowpack to be from 5 to 6 in. from
December 10 to 21.

A series of area-wide storms (table 2), combining
warm temperatures and heavy rains, started on December
20 and melted the snowpack at Government Camp. At the
Mount Hood Meadows ski resort, the snowpack at the
5,200-ft elevation was reduced from 20 in. on December
20 to 8 in. on December 26 (Richard Ragan, U.S. Forest

Service, written commun.). The major storm of the series
hit on December 25, producing over 3 in. of rainina 24-hr
period (U.S. National Oceanic and Atmospheric Admin-
istration, 1980) on already saturated, easily erodible
materials denuded of their normal snow cover. The pre-
cipitation intensity was 0.1 to 0.3 in./hr for most of the
day with over an inch of rain falling in the 4 hr imme-
diately preceding slope failure.

A summary of published observations on the thresh-
old intensity and duration of rainfall required to trigger

Table 1. Flow statistics for selected streams in the Mount Hood area, December 25, 1980
[Bracketed values for Polallie Creek are estimated from the average basin yield of streams with less than 10 mi? drainage area]

Peak- Approximate
Gaging station Drainage water Basin recurrence
area discharge yield interval

Number Name (mi?) (ft3/s) [(ft3/s)/mi?] (yr)
14120000 Hood River near Tucker Bridge........ 279 20,400 73 10
14118500 West Fork Hood River near Dee ....... 95.6 9,680 100 5
14097200 White River near Government Camp 40.7 2,960 73 )

Cold Spring Creek? .................. 9.0 1,490 170 —
14138800 Blazed Alder Creek near

Rhododendron...................... 8.2 1,200 150 2
14134000 Salmon River near Government Camp3 8.0 772 97 30
14139700 Cedar Creek near Brightwood ......... 7.9 1,300 160 5
14138870 Fir Creek near Brightwood............ 5.5 1,190 220 5

Tilly Jane Creek? 54 134 25 —

Polallie Creek? ...........ooviiietnn 4.4 [840] [190] —

Newton Creek?.............coivenn.. 4.1 2,030 490 —

Period of record not long enough for computation of recurrence interval.
2Ungaged stream.

3High-elevation gage (3,446 ft); most large storms either occur as snow or as rain falling on thick snowpack and thus abnormally few high flows are
recorded.

Table 2. Southern Washington-northern Oregon areal precipitation (ininches), December 18-29, 1980 (National Oceanic
and Atmospheric Administration, 1980)

[T = trace]
Station 18 19 20 21 22 23 24 25 26 27 28 29
Cougar 6E
(WA ..... 0 0 0.50 1.90 2.83 1.07 0.64 398 3.35 1.06 0.52 0
Bonneville

Dam .... 0 0 .50 1.10 2.95 .49 58 3.52 2.20 .41 T 0
Hood River

Experiment

Station .. 0 T .09 .74 91 .04 .26 1.88 1.24 .10 T 0
Parkdale ... 0 0 .10 .50 92 22 43 2.11 1.73 .35 T 0
Government

Camp ... 0 0 2.68 .36 2.23 .83 .45 3.42 2.08 .60 0 0
Headworks

Bull Run T 0 .84 .79 1.15 .18 1.67 2.09 .88 .78 .03 .19
Marion

Forks

Hatchery? 0 0 .10 .37 2.05 1.00 .56 4.25 2.72 .62 .06 0

!Approximately 50 air miles north of Mount Hood.
2Approximately 50 air miles south of Mount Hood.
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tion factor was necessary to compensate for increased
viscosity and internal friction caused by large clasts in the
flow. Computations using “n” in the 0.060-0.065 range
yielded a peak debris-flow discharge of about 94,000 ft3/s.
Three experienced hydrologists were asked to select “n”
values from stereoslides of the slope-area reach as a con-
firmation check of the values used. Their chosen “n”
values ranged from 0.040 to 0.065, which yield discharges
of 90,000 to 130,000 ft3/s.

The computed peak discharges plot well above a
curve developed by Matthai (1969) for values of maxi-
mum water discharge versus drainage area in the United
States (fig. 9). This fact should alert investigators to an
extreme event and the need for further analysis. The
Polallie discharges computed using the slope-area method
fall between discharges computed using the supereleva-
tion technique at sites upstream and downstream from
the slope-area reach. The discharges produced by the
December 25 storm for all other gaged or surveyed
streams draining Mount Hood plotted reasonably close
to or below curves developed for maximum peaks in
western Oregon (Harris and others, 1979, fig. 9).

The inordinately large discharge coming out of Pol-
lalie Creek is due, in part, to the volume of solids in the
flow. Assuming 80 percent solids by weight in the flow,
which is about 60 percent by volume, a minimum total
discharge from Polallie Creek of about 100,000 ft3/s
reduces to approximately 40,000 ft3/s for water alone.
This clear-water discharge is still very high—above the
upper limit of the 1965 basin yield for the United States
and also higher than any other stream draining Mount
Hood.

Expected Basin Runoff

In order to evaluate the peak discharge obtained by
the methods just described, it is necessary to estimate
what the runoff from the Polallie Creek watershed might
have been. Two methods are available. The first is a
regional runoff formula which uses flood-frequency equa-
tions developed for the north-central region of eastern
Oregon (Harris and Hubbard, 1983). The discharge
values for gaged streams with small drainage areas (table
1) indicate an exceedance probability of 0.2 should be
used. The appropriate equation is

1,000,000 T

E TTITTT] T T T1rTTT T T T 71T T T T TTTIT] T T T TTTTT T TTTT1TH
- A California -
C UPPER LIMIT OF 1965 DATA exas .
- {Matthai, 1969) -
v 2 4 T
R > R
L <7 e .
» \e\\‘(}\/ 207 e
s @\‘\)/ &, 7
100,000 — Polallie Creek @ Hawaii A & ‘9// A\ —
= {Discharge as computed using awail // Ve // 3
- lope.- : - -
- slope-area technique) Meyers Canyon P 4 // i n
Y -
g - Polallie Creek ® Néw Mexico // // yd .
| {Slope-area discharge with I Ve s
8 60% solids removed ) Lane Canyon e pd pd T
o | yid // @ Hood Flive; at Tucker Bridge .
» e
7 Ve
o North Carolina // // d
w 4 s i
a 10,000 e 7 ®West Fork Hogd River —
= E il 7 pd -
i C =
w 1 X Butter Creek // yd .
w L A North Carolina 4 s
3) o7 - ]
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o) s » s
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o ¢ g ; 1
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Z N
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< - s s e n
I B e // Ve T
O - s e Ve
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[a] B e e s -
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- Ve e . 7
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Figure 9. Values for maximum observed peak discharge versus drainage area for Oregon streams in

comparison to values for other selected states.
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Qo2 = 0.00068 A0.76 Po.90 T[264

where

Q2= A flood with a 20 percent chance of being
exceeded in any one year; this is a five-year
flood under the “recurrence interval” ter-
minology,

A = drainage area in square miles,

P = mean annual precipitation in inches,

TI = temperature index, the mean minimum Janu-
ary temperature in degrees Fahrenheit, in
the basin.

The following values were used for Polallie Creek:
A =4.41 mi% P =100 in. (isopluvial map, Harris and
Hubbard, 1983); 7T = 28°F (isopluvial map, Harris and
Hubbard, 1983). The equation yields a peak water dis-
charge of 800 ft3/s, which represents a basin yield of about
200 (ft3/s)/ mi2. A flood with an exceedance probablity of
.01 (100-year flood in recurrence interval terminology)
computed using the equation developed by Harris and
Hubbard (1983) and bulked with solids to 72 percent by
volume yields a debris flow with a discharge of less than
6,000 ft3/s. This discharge is far below estimates made
from field measurements and provides additional evi-
dence to the assumption of temporary damming along the
flow front.

Another method for estimating expected peak
water discharge from Polallie Creek is basin comparison.
Peak discharge and basin yield for seven streams with less
than 10 mi? of drainage area in the Mount Hood area are
listed in table 1. The December storms caused moderately
high flows with exceedance probablities of less than 0.20
years on most streams in the Mount Hood area. The
average basin yield for all of the listed stations intable 1 is
190 (ft3/s)/mi2 If this average is used, the peak water
discharge for Polallie Creek would have been approxi-
mately 840 ft3/s. This estimated peak agrees well with the
peak computed from the regional equation for a flood
with a 0.2 exceedance probability. These are reasonable
values when compared with curves developed from other
historic peak flows in western Oregon, but they are still
far below the minimum water discharge of 40,000 ft3/s
estimated for Polallie Creek.

These two estimation methods suggest there was
considerably more water in Polallie Creek than can be
accounted for from runoff. This is further evidence that
temporary damming by the flow front must have oc-
curred. If the channel were blocked for a total of one
minute at a sustained peak water discharge of 1,000 ft3/s,
water volume accumulated in the slurry behind the block-
age would be 60,000 ft3. The peak water discharges esti-
mated from the superelevation and slope-area techniques
could reflect the outflow from the cumulative total of
several small dams, each obstructing flow for several

12 Polallie Creek Debris Flow and Flood of 1980, Oregon

Table 4. Physical properties of debris-flow slurry samples’

[Sample locations are shown on figure 3]

Mean

grain
diameter

Fluid
bulk

Sorting
coefficient

Grain-size distribution

(¢ units)?

(percent)

density?
(g/cm3)

Percent solids3

Skewness

G¢ So
(mm) Sk,

(¢ units)

ar

Silt and
clay

By volume

By weight

Mg

M,

Sand

Gravel

Sample (ordered in downstream direction)

2.00
2.03
2.01
2.10
2.10
2.14
2.16
2.12
2.19
2.15

60
62

80
82
81

1.07
1.55
1.44

-0.08

2.78
5.00
4.52
5.04
8.32
5.07
11.28

2.26
3.38
3.25
3.14
3.70
3.41

4.52

2.33
3.12
3.04
2.89
3.28
3.16
4.21
3.18

1.24
-.36
-.24
-1.67
-1.43

1.28
-.22
-.06
-1.88
-1.62

11

80
64
68

(1) Material from headcut ..................

-.11
-.17
+.26
+21
-.08
-.15
-.13
+.10
+.67

29
26
53

(2) Atcross-sectionE ........ ... il

61

(3) Headoffalls. ....oovvvveninniinennns.

67

84
24

.64

92
1.40
2.75
1.40
1.47
1.70

3
5
11

8

44

(4A) Atcross-section D ........ ... ool

67
69

45

50
27

0

86
86
85
87
86

.00
-1.63
-.18
-1.18

-2.90

15
-1.38

62
49
65

(SA) e e

70
68

43

(5B) ettt

4.74
10.17

3.38
3.94
4.10

-.01
-1.22
-3.60

26
45

(6) At lower end of slope-area reach..........

72

46
3.77

ITo allow comparisons with other published values, different methods for computing grain-size parameters are included: M, o, Sk (Folk and Ward, 1957); M ¢, o¢.(Inman, 1952);

So Sk (Trask, 1932).

3.

3
3

52
28

(7A) Mouth of Polallie Creek ...............

69

6.53

69

162 I

2¢ units = -log, (diameter in mm).

3Samples reconstituted to estimated original water content.



























compare and evaluate analysis techniques that might be
applied to debris flows. The techniques discussed in this
report should be applicable to most small, steep mountain
basins. The basin-comparison technique, however, is
probably not applicable in an area where localized con-
vection storms are common.

The superelevation method appears to give reason-
able estimates of velocity and total discharge of the water-
debris slurry. The traditional slope-area technique yielded
velocity and discharge values that fell within the range of
computed discharges using the superelevation technique.
The extremely high discharge values computed from
these two methods probably reflects temporary damming
by the boulder- and log-choked front of the debris flow.
Expected basin yield was estimated by comparison with
adjacent basins and was two orders of magnitude less
than the water discharge computed by the above tech-
niques.

The following analysis techniques are suggested for
debris flows: Several slope-area surveys should be run
along the channel. Several are needed because the water-
surface slope may be flattened upstream from temporary
dams or constrictions and oversteepened downstream
from such obstructions. Several superelevation surveys
should be run in the same general area as the slope-area
surveys. Tight bends yield more precise results than wide
bends. A complete survey should be made to develop
profiles on both the inside and outside of the curve to (1)
define maximum superelevation, (2) check for multiple
peaks caused by cross waves, (3) map the radius of curva-
ture, and (4) define channel slope. Computational tech-
niques and field data requirements are described in
Apmann (1973), Rantz and others (1982), and Chow
(1959). Comparison provides a check for gross differences
between the techniques.

Slope-area surveys should be run in similar adja-
cent basins when storms have wide areal coverage. The
results of these surveys will provide data for computation
of runoff from a clear-water flood and can be used to
synthesize precipitation amounts and for flood-frequency
analysis.

Discharges computed by slope-area or supereleva-
tion techniques should be reduced by the estimated solids
content of the slurry. The water content and percent solids
of the slurry can be estimated by collecting samples of the
unreworked deposit in the vicinity of the survey sites and
reconstituting the samples to the consistency of thin, wet
concrete. Water discharge values computed using this
approach will probably be higher than water floods in
adjacent basins because of damming of the debris flow by
the flow front.
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